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Abstract
Recently, the ZEUS collaboration has reported on several remarkable properties
of events with a large rapidity gap in deep inelastic scattering. We suggest that
the mechanism underlying these events is the scattering of electrons off lumps of
wee partons inside the proton. Based on an effective lagrangian approach the Q2-,
x- and W -distributions are evaluated. For sufficiently small invariant mass of the
detected hadronic system, the mechanism implies leading twist behaviour. The x-
and W -distributions are determined by the Lipatov exponent which governs the
behaviour of parton densities at small x.
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In a recent publication [1], the ZEUS collaboration has described in detail properties
of events with a large rapidity gap in deep inelastic scattering (RGDIS). The events,
whose observation was reported already some time ago [2, 3], are very different from
ordinary deep inelastic scattering (DIS) where the distribution of hadrons in the final
state corresponds to a colour flow between the scattered quark and the proton remnant.
In the new class of events the observed large rapidity gap around the proton direction
suggests that the proton remains essentially unaffected by the scattering process and
escapes undetected close to the forward direction. The detected hadronic final state
would then be the remnant of a colour neutral part of the proton, carrying only a small
momentum fraction.
A particularly striking feature of the new class of events is their Q2-dependence.
Naively, one might expect that the rate of diffractive processes, where the proton is
not broken up, decreases with increasing Q2. The data, however, show the same Q2
dependence for RGDIS events and ordinary DIS events. Another important feature is
the occurence of jets in the RGDIS events, which has been anticipated by several groups
[4]-[9], following the work of Ingelman and Schlein [4]. In the following, we shall try to
develop a simple picture of the mechanism underlying the RGDIS events, which accounts
for their main qualitative features.
The inelastic scattering process
e(k) + p(P )→ e(k′) + p(P ′) +X(PX) , (1)
where P ′ = (1 − ξ)P , q = k − k′, PX = q + ξP is characterized by four kinematic
variables: the total center-of-mass energy
√
s, the squared four momentum transfer Q2
and Bjorken’s scaling variable x, occuring in ordinary deep inelastic scattering,
s = (k + P )2 , Q2 = −q2 = −(k − k′)2 , x = Q
2
2q · P , (2)
and the invariant mass of the detected hadronic state X,
M2 = (q + ξP )2 . (3)
The invariant mass of the total hadronic final state, including the undetected proton, is
W 2 = (q + P )2 ≃ Q
2(1− x)
x
. (4)
In eq. (1) we have neglected the squared momentum transfer t between initial and final
proton. In general, one has
ξ =
M2 +Q2
W 2 +Q2
= x
M2 +Q2
Q2
, M2 ≤ sˆ−Q2 , (5)
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where sˆ = ξs. The ZEUS data cover the kinematic range Q2 > 10 GeV2, W 2 ≫ Q2,M2
and, hence, x < ξ ≪ 1.
The observed ratio of RGDIS events over ordinary DIS events is O(∞′%). We con-
clude that an electron, which probes the interior of the proton, frequently separates
a colour neutral part with small momentum fraction, without breaking the proton into
pieces. Visualizing a fast moving proton at Q2 > 10 GeV2, or ∆X⊥ < 0.06 fm, as a bunch
of valence quarks, sea quarks and gluons, this means that a lump of “wee” partons [10],
i.e., soft gluons and sea quarks, is rather easily stripped off. In the scattering process, this
colour neutral hadronic state of size 1/Q is turned into a new hadronic state of similar
size but with invariant mass M > 0, which then fragments. The virtual photon, which
can fluctuate into hadrons, acts like a disk of radius 1/Q [11], which presses a droplet of
wee partons out of the proton.
Let us try to make this picture quantitative by means of an effective lagrangian, where
the initial and final hadronic systems are represented by fields σ and V , respectively.
The simplest hypothesis is to describe the wee parton cluster by a massless scalar field
σ, carrying vacuum quantum numbers, and to choose for V a massive vector field. The
interaction with the photon should then be dominated by the gauge invariant operators
of lowest dimension. One easily verifies that, up to terms vanishing by the equations of
motion, there is a unique dimension five operator,
LI = − ∞△∗σ(§)Fµν(§)V
µν(§) , (6)
where Fµν = ∂µAν − ∂νAµ and Vµν = ∂µVν − ∂νVµ are the field strength tensors of
the photon field and the hadronic vector field, respectively. Note, that the choice of a
scalar field for the hadronic final state would require an interaction operator of dimension
six, since the masses of initial and final state are different. According to the qualitative
picture of the scattering process described above, the length 1/Λ will be identified with
the transverse size of the photon, i.e., 1/Λ ∼ 1/Q.
The differential cross section for the production of a hadronic vector state with
fixed mass M is now easily evaluated. The interaction term (6) yields the γσV -vertex
−i(gµνq · PX − qνPXµ)/2Λ, where q and PX are the momenta of the photon (Aµ)and
the hadronic final state (Vν) , respectively. From the matrix element for the quasi-elastic
process e+ σ → e′ + V (M) one obtains the differential cross section
dσ˜
dξdQ2
=
piα2κ2
4Q4
(
1− y + y
2
2
− 2 Q
2M2
(Q2 +M2)2
y2
)
fσ(ξ, Q
2) , y =
q · P
k · P . (7)
Here fσ(ξ, Q
2) is the density of wee parton clusters with momentum fraction ξ, and
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we have defined 1/Λ = eκ/Q, as discussed above. κ is an unknown constant and e is
the electromagnetic coupling. Note, that the derivatives in the interaction (6) generate
one power of Q2, which cancels the inverse power of Q2 stemming from 1/Λ ∼ 1/Q. In
order to obtain the complete differential cross section for RGDIS events eq. (7) has to
be multiplied with the density ρ(M2) of massive vector states.
What is the probability density fσ(ξ, Q
2) of finding a colour neutral lump of wee
partons with momentum fraction ξ inside the proton? Clearly, at least two gluons or a
quark and an antiquark with momentum fractions O(ξ) are needed. Assuming that the
two-parton component gives the dominant contribution, one obtains
fσ(ξ, Q
2) =
∫ (1−r)ξ
rξ
dξ′
(
fgg(ξ
′, Q2)g(ξ − ξ′, Q2) + fSS(ξ′, Q2)S(ξ − ξ′, Q2)
)
, (8)
where fg, fS and the fraction r < 1 are constants. At values of ξ below ∼ 10−2, one has
[12]
g(ξ, Q2) ≃ Agξ−1−λ , S(ξ, Q2) ≃ ASξ−1−λ , AS ≪ Ag . (9)
Here λ = λ(Q2) > 0 is the Lipatov exponent [13]. Eqs. (8) and (9) imply
fσ(ξ, Q
2) = Cξ−1−2λ , (10)
where the constant C is a function of fg, fS, r, Ag and AS. Note, that for λ > 0 the
density of wee parton clusters is more singular than the desities of the individual partons.
The hypothesis of a distribution of colourless lumps of wee partons inside the proton is
reminiscent of “preconfinement”, the formation of colourless clusters of quarks and gluons
in the evolution of jets, as suggested by Amati and Veneziano [14].
A plausible ansatz for the spectrum of massive vector states is provided by generalized
vector meson dominance (GVD)1. As an example, we use the model of Sakurai and
Schildknecht [16] for the spectral densities of vector states coupling to the photon, which
is compatible with scaling in deep inelastic electron-proton scattering. The densities of
transverse and longitudinal vector states are given by [16]
ρT (M
2) =
∑
V=ρ,ω,φ
rV δ(M
2 −m2V ) + rc
M20
M4
θ(M2 −M20 ) , (11)
ρL(M
2) =
1
4
∑
V=ρ,ω,φ
rV δ(M
2 −m2V ) ,
where rc ≃ 0.22 and M0 ≃ 1.4 GeV.
1For a review, see ref. [15].
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The differential cross section (7) can be decomposed into transverse and longidudinal
components in the standard manner,
σ˜L(x,Q
2) =
4pi2α
Q2(1− x) F˜L =
4pi2α
Q2(1− x)
κ2
4
Q2M2
(Q2 +M2)2
ξfσ(ξ, Q
2) , (12)
σ˜T (x,Q
2) =
4pi2α
Q2(1− x)(F˜2 − F˜L) =
4pi2α
Q2(1− x)
κ2
16
(Q2 −M2)2
(Q2 +M2)2
ξfσ(ξ, Q
2) .
Here we have used dξ ≃ ξ/xdx. The complete diffractive cross sections are now obtained
by integrating over the mass spectra,
σDT (x,Q
2) =
4pi2α
Q2(1− x)
κ2
16
∫
dM2
(Q2 −M2)2
(Q2 +M2)2
ρT (M
2)ξfσ(ξ, Q
2) , (13)
σDL (x,Q
2) =
4pi2α
Q2(1− x)
κ2
4
∫
dM2
Q2M2
(Q2 +M2)2
ρL(M
2)ξfσ(ξ, Q
2) .
The corresponding diffractive differential cross section reads
dσD
dxdQ2dM2
=
piα2κ2
4xQ4
[(
1− y + y
2
2
)(
(Q2 −M2)2
(Q2 +M2)2
ρT (M
2) + 4
Q2M2
(Q2 +M2)2
ρL(M
2)
)
−2 Q
2M2
(Q2 +M2)2
y2ρL(M
2)
]
ξfσ(ξ, Q
2) . (14)
In our calculation we have neglected a possible transverse momentum of the final state
X with respect to the proton direction. The dependence on the transverse momentum
is needed in order to compute the differential cross section dσ/dt, where t = (P − P ′)2
is the squared momentum transfer of the proton.
The cross sections for RGDIS events are determined by eqs. (10), (11) and (13). In
the case Q2 ≫M20 , where the continuum states dominate, one obtains
σDT (x,Q
2) =
4pi2α
Q2(1− x)
κ2Crc
16
x−2λ
(
1 +O
(M∈′
Q∈
))
, (15)
σDL (x,Q
2) = 0 .
For comparison, the cross sections for ordinary DIS events are, neglecting QCD radiative
corrections,
σγT (x,Q
2) =
4pi2α
Q2(1− x)
∑
q
e2qx
(
fq(x,Q
2) + fq¯(x,Q
2)
)
, (16)
σγL(x,Q
2) = 0 ,
where eq is the electric charge of the quark q. From eqs. (15) and (16) one immediately
reads off that the ratio of RGDIS events over ordinary DIS events,
r(x,Q2) =
σDT (x,Q
2)
σγT (x,Q
2)
, (17)
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is independent of Q2, up to logarithmic corrections and terms O(M∈′ /Q∈). Hence, the
RGDIS events have leading twist behaviour.
The x-dependence of the ratio r(x,Q2) can be obtained from eqs. (9), (15) and (16).
At small values of x below ∼ 10−2, one has fq(x,Q2) ≃ fq¯(x,Q2) ≃ S(x,Q2). Thus one
arrives at (cf. (4))
r(x,Q2) ∼ x−λ ∼W λ . (18)
Hence, the x- and W -distributions of the RGDIS events are completely determined by
the Lipatov exponent λ.
One may be tempted by the form of the spectral densities ρT (M
2) and ρL(M
2) to
apply the diffractive cross sections eqs. (13) also to the exclusive production of vector
mesons. However, this procedure appears doubtful, since the lump of wee partons de-
scribed by the field σ(x) consists primarily of gluons (cf. (8),(9)), whereas the production
cross section of vector mesons is determined by the quark-antiquark component of the
wavefunction. A naive application of eqs. (11) and (13) to ρ-production would lead to
σρT ∼ F ρT/Q2 and σρL ∼ F ρLm2ρ/Q4, where the form factors F ρT,L(Q2/m2ρ) account for the
transition from the final hadronic vector state of size 1/Q to a physical ρ-meson. As-
suming the same form factor for transverse and longitudinal polarization, one would
obtain σρL ∼ σρT /Q2, in contradiction to predictions based on non-perturbative [17] and
perturbative [18, 19] two-gluon exchange.
In summary, we have developed a simple model which can account for the qualitative
features of the RGDIS events. Starting point is the hypothesis that the wee partons in-
side the proton form colourless clusters, which are represented by a scalar field carrying
vacuum quantum numbers. The observed leading twist behaviour then essentially fol-
lows from dimensional analysis and gauge invariance. Also important is the dominance
of hadronic final states with masses small compared to Q. Hence, the leading twist be-
haviour should disappear as Q2 approaches the continuum threshold M20 . The density of
wee parton clusters has been calculated in terms of the gluon and sea quark densities in-
side the proton. At small values of x, where sea quarks and gluons dominate over valence
quarks, this leads to a prediction for the x- and W -distributions of RGDIS events in
terms of the Lipatov exponent which governs the small-x behaviour of the single parton
densities.
The proposed coupling between photon, and initial and final hadronic state is an
effective description of multi-parton processes. Hence, the occurance of jets in the final
state is expected. Jet cross sections could be calculated using the photon structure func-
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tion and the distributions of gluons and quarks inside the wee parton cluster, which are
given by eq. (8).
Experimental data have led us to a description of diffractive processes in deep inelas-
tic scattering which is based on an effective lagrangian for the coupling between virtual
photons and clusters of wee partons. It remains to be seen whether this ansatz can also
be derived from QCD, the theory of strong interactions.
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